Purpose -The purpose of this paper is to present an approach to evaluating contributions in collaborative authoring environments and in particular wikis using social network measures.
Introduction and Background
Since the invention of writing as a method of encoding human knowledge, the preservation and dissemination of information and knowledge has become a matter of great importance to humanity. People, as intelligent entities, produce and consume information which is preserved in and accessed from various sources such as books, articles and encyclopaedias. Since the organization of information is characterized by a high level of complexity, reference works to assist in the retrieval of relevant information resources are crucial for dissemination and further development of human knowledge in a particular subject. Encyclopaedias and dictionaries represent the major instances of such reference works since their principal scope is to assist, through associative trailing, the retrieval of the relevant resources through a particular domain (collection of relevant lemmas).
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On the other hand, visions of the World Wide Web such as the "Memex" envisioned by Vanevar Bush (Bush, 1945) and the original intuition behind the design of WWW by Tim Berners Lee (Berners Lee et al., 1994) tend to represent the WWW as a huge encyclopaedia where lemmas are associated by using a hypermedia model. Nonetheless, an encyclopaedia and any other kind of reference work is often subject to evaluation as to the level of quality characterizing it. Since the production of such works is subject to a very small number of individuals, the development process is characterized by high complexity. Efforts in the WWW such as WIKIPEDIA try to distribute that kind of complexity to several contributing authorities by allowing the synchronous editing and publication of lemmas through its publication model. However, WIKIPEDIA since its early beginning has been subject to criticism (Fasoldt 2004 ; Orlowski, 2005; Lipczynska 2005) as to what level the information contained can be trusted and referenced in research works. In that case, models of credibility which are used extensively on search engine research and information retrieval can be used in order to evaluate the trustworthiness of the topic covered by WIKIPEDIA.
On the web several successful approaches to credibility such us the PageRank (Brin and Page, 1998; Brin et al., 1998) use methods from graph theory to model credibility using the connections of the resource for evaluation. Several graph theoretic models of credibility and text retrieval (Faloutsos, 1985) rely strongly on the consideration of the indegree of the node (the sum of the incoming arcs of a node in a directed graph) so as to extract importance and trustworthiness. This is also implied by the publication workflow and the resulting context on which those models are based. For instance, on the World
Page: 4 Wide Web and similar hypermedia systems such models of credibility evaluate a webpage using the in-degree extracted by the hypertextual context. However, there are publication models supporting social activities (e.g. collaborative authoring) which derive much of their credibility by their productions (e.g. authorship) where the hyperlink context doesn't depict that kind of activity. In that case, the in-degree cannot provide input to evaluate the importance of that entity and therefore a holistic approach is needed.
That kind of alternative evaluation has to consider the outputs of the entity (productions) as it happens with several informal social communication models (Festinger, 1950) . In a graph theoretic interpretation, this can be modelled as the outer-degree of the node which conceptually represents the entity evaluated.
The WIKI publication Model
The web has given rise to new forms of collaboration and interaction facilitating the manipulation of shared artefacts and information spaces (Cadiz, Gupta, & Grudin, 2000) .
In the current state of the art, the web ecosystem consists of resources (web pages/ files) linked though hypertext connectors, thus forming a system of links denoting references to those resources as well as providing views to the requesting authorities.
However, one of the initial design goals of the web was not only to facilitate views of the resources requested but also to allow editing and annotation of these resources in a simple way (Berners-Lee & Fischetti, 1999) . Of the foremost approaches to this goal, the concept of wiki (Leuf & Cunningham, 2001 ) has given a response to this challenge.
WikiWiki (Hawaian word for quick) applications facilitate a way of collaborative editing supported by a revision mechanism which allows the monitoring of changes and In this paper we present an initial attempt to model the problem towards providing an authoritative ranking mechanism based on social interaction data collected through the wiki. Social interaction is approached from the side of social communication facilitated
by the WIKIPEDIA platform (e.g. edits on edits) (Cobley, 1996) . We then model the credibility of each contributor using the metric of centrality, thus producing an overall
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A network approach on the Wiki publication model
Social networks and social network analysis in particular (Wasserman, Faust, & Iacobucci, 1994; Scott, 2000) , is a research paradigm which tries to unravel patterns of social relationships across various individuals in a social context. Following the patterns and measuring structural and compositional values in the networks, we ought to understand the basic structure and properties of the network and explain its behaviour thus uncover those actions which characterize most of the activity described by the network. Social network analysis focuses on a more rationalistic approach to research on organizations and social groups (Borgatti & Foster, 2003) since it aims to expand interdependent relations between the members of the group. WikiWiki applications facilitate a case where social relationships are established over a domain of social actions such as acceptance, objection or rejection of a contribution. Moreover, as in the case of WIKIPEDIA, the wiki facilitates a collaborative document editing effort relying on the contribution of multiple authors in a concurrent system. This enables combining the contributions in an effective and democratic way allowing all the ground knowledge about the article/lemma to be present in the most recent revision of the article. By democratic, we also refer to the ability of anyone who uses the wiki to contribute or to make modifications to content contributed by someone else. In that sense, as the wikification continues, the final document (or the most recent revision) is the outcome of a
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From a social research point of view, what makes such a case interesting is the negotiation process which takes place when writing and structuring the article. For example, a user makes a contribution which is erased and this user tries to establish its contribution back (to make it visible and accepted by the others). In both cases (article and negotiation), there are interaction ties characterizing the final outcome and the dynamics of the process. In this paper, we will focus on the interaction ties between multiple contributors working on the same article or domain of articles in the WIKIPEDIA namespace. However, to do this kind of study, we first need to define the structural and compositional variables which characterize such a network. 
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In the wiki publication model, we can see both the necessary structural and compositional variables important for the construction of a social network of contributors to an article or topic in the WIKIPEDIA. Structural and compositional properties of the publication model can be found in the following use-cases:
1. When a contributor edits content submitted by someone else, then it establishes a tie with him/her. This is depicted by an acceptance factor which represents the percentage of the previous contributor's content that is visible after.
2. Every contributor who has a single contribution, or more, to the article establishes a relational tie with the other content contributors. Evidence of participation in common projects strengthens this tie.
We can also link actors through two different layers of networks (figure 2):
• The Articles Network: Every article in the WIKIPEDIA contains references to other articles as well as external references. A set of links used for classification purposes is also available in most of the active articles of the encyclopaedia.
Every article represents a vertex in the article network and the internal connections between the articles the edges of the network.
• The Contributors Network: WIKIPEDIA is a collaborative writing effort which means that an article has multiple contributors. We assume that a contributor establishes a relationship with another contributor if they work on the same article. In the resultant signed network, each contributor is represented by a vertex
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The resultant graph is a two-mode network where we have two set of entities: articles and contributors. Contributors can be either connected (belong to the same article) or interconnected (common contributions on two or more articles in the same domain). In an article domain of high credibility, it is expected that more interrelations will be found since the contributors may contribute content to more than one article, thus depicting their common interest. In that case, the more affiliated a contributor becomes with a domain, then the most interested with the article he is and thus his background is depicted to have knowledge of the domain. Let us consider, for instance, a contributor who has made a lot of contributions to the domain regarding the history of Spanish colonies in Latin America.
The author has also done some contributions in the article on Anatomy. However, the author is more affiliated to the articles regarding the history of the Spanish colonies than the medicine. Therefore his contribution in medicine may be considered as less authoritative than those in the other domain as his knowledge of Anatomy is not as extensive as of the other. In social network analysis, there are a variety of measures which can assess this kind of social activity in a sociometric study. As we have already defined our graph, we can use some common social network metrics to extract this kind of information from WIKIPEDIA data.
Network measures in the Wikipedia Contributions
As previously mentioned, contributors contribute to one or more articles belonging to the same or different domains. Based on this, we can evaluate the activity of the contributors
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• The more decentralized the editing of an article, then the better this article represents a consensus about it.
• The contributors whose content has been most accepted (seen from the result of the diff operation in the wiki) are attributed a level of authority regarding the article.
• This level of authority remains only in the domain of the article. However, domains which belong in the same topic can retain the level of authority for a contributor.
The graph that we model is a signed directed network with arcs signed as a factor depicting the level of acceptance of the content submitted by contributor A and accepted by contributor B. In order to model the authoritativeness of contributors, we selected the Centrality index (Freeman, 1979; Sabidussi, 1966) of the resultant graph and, in particular, a measure of centrality dealing with the degree (total of incoming, outgoing edges) of the vertex/contributor in the examined article. The concept of centrality is well accepted in social network analysis as there are numerous studies showing the usefulness of such a metric for measuring activity in social networks (Everett & Borgatti, 1999; Freeman, 1979) . In sociometric studies, the usage of centrality is targeted to unfold the person/individual who is the most prominent in a network, thus ranking the actors according to their positions in the network, and is interpreted as the prominence of actors embedded in a social structure. In our study, we use the degree centrality index which is the simplest definition of centrality and is based on the incoming and outgoing adjacent
Page: 13 connections to other contributors in an article graph. To measure the centrality at an individual level, we define the Contributor Degree Centrality; and to an article level, the Article Degree Centralization which represents the collective of Contributor Degree Centrality.
Contributor Degree Centrality
In classical social network models, the inner degree (the amount of edges coming into a node) represents the choices the actor has over a set of other actors. However, in our wiki network model the amount of incoming edges represents edits to the text; therefore the metric of inner degree is the opposite, meaning that the person with the biggest inner degree has the biggest amount of objection/rejection in the contributor community and thus receives a kind of negative evaluation from his/her fellow contributors. On the other hand, the outer-degree of the vertex represents edits/participation in several parts of the article and thus gives a clue to the activity of the person in relation to the article and the domain. Mathematically we can represent such formalism as follows: Considering a graph representing the network of contributors for an article contributed in the wiki, then the Contributor Degree Centrality -a contextualized expression of actor degree centrality -is a degree index of the adjacent connections between the contributor and others who edit the article. From graph theory, the outer degree of a vertex is the cumulative value of its adjacent connections.
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The adjacent xij represents the relational tie between the contributors and their contribution over the domain of the article. This also is characterized by the visibility of the contribution in the final article and can be either 1 or 0. To provide the centrality, we divide the degree with the highest obtained degree from the graph which in graph theory is proved to be the number of remaining vertices (g) minus the self (g-1). Therefore the contributor degree centrality can be calculated as:
Article Degree Centralization
We define an Article's degree centrality DM C as the variability of the individual contributor centrality indices. The ) ( * n C D represents the largest observed contributor degree centrality
Again we divide the variability with the highest variability observed in the graph. Having defined the metrics, we apply them and explain their qualitative values in a case study of the English language WIKIPEDIA.
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An Insight from Wikipedia
As previously mentioned, WIKIPEDIA follows a hypermedia model to categorize the articles (lemmas) in an associative taxonomy. In that particular taxonomic classification, we define the following structures:
• Domain: A collection of articles which tackle a common subject (e.g. philosophy).
• Category: A collection of domains which have a common categorical and etymological root. For example, the domains philosophy and economics have a kind of connection in the category of social sciences.
In order to provide a qualitative analysis of the metrics deployed in the evaluation of the articles, we picked ten articles with a similar number of contributors to the domain "Philosophy" from the English language WIKIPEDIA. Table 1 shows the list of articles used in the case study, as well as the values of their article degree centralization. The data was collected using the Python WIKIPEDIA robot framework 2 for each of the articles.
The resulting networks contained an average of 259 contributors per article and the average article inter-relations per contributor were approximately 2. We used the diff function of the wiki to assess the tie between the pair of contributors as modelled from Section 2. The data was then analyzed, using a python script in order to calculate the individual contributor degree centrality along with the article degree centralization. As can be observed from the table, the article degree centralization is relatively low because of the small collections of articles used in the case study and the interconnections of the actors in the domain. However, it is enough to let us discuss some qualitative interpretations such us:
• The dispersion of the actor indices denotes how dependent this article is on individual contributors. For instance, if an article has a very low degree of centralization, then it means that the social process to shape it was highly distributed, thus resulting in an article which has been submitted by multiple authorities. In our case, the articles represent a low degree of centralization which
Korfiatis et al -Evaluating Authoritative Sources in Collaborative Editing Environments: An insight from Wikipedia
Page: 17 means that contributions have been done by individuals with interests in other domains as well.
• The range of the group degree centralization reflects the heterogeneity of the authoring sources of the article. In our case, the article "Immanuel Kant" has a significantly higher degree of centralization which means that it has been contributed by authorities most concentrated in the domain of the article and thus have contributed to other articles. 
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Contributors with higher inter-relation over the same domain represent higher authorities based on the assumptions that their interest spans the domain to which the article belongs and therefore they have conducted background research regarding the material they have contributed. On the other hand, contributors with lesser authority tend to have their content erased/objected by contributors with higher authority. As can be observed from Figure   3 .2, there exist a number of contributors subject to objections regarding their submissions and therefore are situated on the periphery; whereas contributors with accepted contributions (authorities) tend to be in the centre.
Cluster

Discussion and Further Research
The question of the reliability regarding WIKIPEDIA content is a challenging one. As long as the size of WIKIPEDIA grows, the problem becomes more demanding, especially for topics with controversial views such as politics or historical views. Our study represents an early attempt at getting to that problem and thus working towards a more sophisticated solution to address it. However, there are a number of open issues which can extend the merit of this report:
The in-degree can be calculated using a more sophisticated factor, representing how much of the text contributed by one actor has been edited by another. In our case, we represent the editing or the objection by using a scale from 0 to 1, thus aggregating the factors using simple sums. A fuzzy operator could provide a solution for aggregating the results obtained by doing a fuzzy diff between the current version of the article and the version submitted. In that case, the social tie needs also to be expressed in terms of fuzziness, along with the relevant cases. Expressions of credibility using imprecise criteria (Sicilia and Garcia, 2004; Sicilia and Garcia 2005) can also contribute to further advance that direction.
The organization of topics and the definition of inter-connections is also a matter of research since there are related domains with contributing authorities. For instance, in the category of the social sciences, a contributor who edits the article of Adam Smith and has an acceptance factor can be retained on both the domains of "Economics" and "Philosophy" as an article about Adam Smith is represented in both. In that case, network modelling using two layer networks (document reference, authority reference)
can enhance the trust of the contributions (Hess et al., 2006 ).
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Furthermore, the measures developed and presented in this report do not actually measure the "subjective" quality of an article since such a task is a cognitive process characterized by a high level of complexity. Those measures can contribute in the direction of providing an indicator of "consensus" related to an article and thus assert it does not provide controversial views or expressions of a small group of persons (especially in articles with political content). Thus a level of neutrality expressed in the writing of this article is asserted. Finally, specific attention should be given to the diffusion of different affiliations related to one actor. For example, a contributor may have many affiliations to unrelated subjects. This, for instance, may imply that the contributor may have knowledge of both fields but in cases such as special topics, e.g. cardiology, the contribution in subjects such as Renaissance can be attributed as a non-expert one.
Therefore a classification of the competencies of each contributor may need to be promoted to strengthen their credibility and association with the subject or the article contributed.
